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ABSTRACT
Objective: Children with sickle cell disease (SCD) and cancer are at risk for working
memory impairment due to the disease and treatment. However, inconsistency in
adherence to cognitive training programs conducted with this population suggests that
adaptations are necessary in order to improve the effectiveness of this intervention. In
addition, it is unclear whether gains in working memory translate to improvement in
classroom functioning.
Methods: Children engaged in cognitive training exclusively over the summer in order to
improve adherence to Cogmed Working Memory Training. A total of 17 children ages 717 with a diagnosis of SCD (n = 14) and cancer (n = 3) were enrolled in the study. Of the
17 children, 5 children completed the program (at least 80% of sessions), 5 children
completed between 8 and 15 sessions, and 7 children did not complete any sessions. I
conducted further analyses to measure changes in working memory performance from
time 1 to time 2 on the WISC-V as well as generalizability to a measure of functional
attention performance. I also collected parent feasibility ratings.
Results: Parents generally endorsed that training during the summer was convenient
(77.8%) and would recommend Cogmed to others. However, adherence rates did not
exceed 80% as hypothesized. Follow-up analyses indicated a non-significant
improvement in group means on the WISC-V Working Memory Composite Score or
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individual working memory subtests for all groups. However, changes in group means
showed a large effect size for completers, t(4) = -1.66, p = .17, d = .87 and a medium
effect for partial completers, t(4) = -.62, p = .57, d = .37. Conversely, group means for
the Working Memory Composite showed only a small effect for non-completers, t(3) = .34, p = .76, d = .10. Similar effect sizes were found for the Digit Span and LetterNumber Sequencing subtests but not the Picture Span subtest. The hypothesis that gains
in working memory would generalize to measures of functional attention and working
memory was not supported.
Conclusions: Overall, this study demonstrates that training over the summer does not
significantly increase adherence to the program but may serve as a feasible option for
many families with a child with a chronic illness. Although the sample size was too
small to detect a statistically significant increase in working memory, effect sizes were of
medium size in partial completers and large in completers, suggesting comparable effects
as studies with larger samples that have demonstrated efficacy. Differences in baseline
attention skills for completers versus non-completers suggest that the TEA-Ch, a measure
of functional attention, may be an important tool for selecting children most likely to
complete the full program. Further research with larger samples sizes is needed in order
to confirm study results and test alternative methods for improving adherence in this
population.
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CHAPTER 1
INTRODUCTION
Cognitive training is an innovative method for remediating problems in cognition
in children. Research in this area demonstrates that cognitive training methods are
effective for healthy children in improving general intelligence (Bracy, et al., 1999),
working memory (Dunning, Holmes, & Gathercole, 2013; Nutley, et al., 2011; Goldin, et
al., 2013; Holmes, Gathercole, & Dunning, 2009; Kroesbergen, Van’t Noordende, &
Kolkman, 2014; Loosli et al., 2012; Thorell et al., 2009), attention (Goldin et al., 2014;
Rueda, Checa, & Combita, 2012) and processing speed (Mackey et al., 2011). Cognitive
training is also effective in children with cognitive impairment from a health condition
(Hardy et al., 2013; Hovik et al., Slomine & Locascio, 2009). However, the majority of
literature on cognitive training in this population has been conducted with children
diagnosed with ADHD or children that have sustained a traumatic brain injury. Less
research has been conducted in children with other chronic health conditions such as
sickle cell disease (SCD) or cancer. Due to the heterogeneity of the source of cognitive
impairment from SCD or cancer as well as medical complications from the disease, these
children have unique considerations that may impact the effectiveness of cognitive
training programs. Individual differences such as etiology of cognitive impairment may
not only impact effectiveness of cognitive training (Shah, Buschkuehl, Jaeggi, & Jonides,
2012) but also whether or not cognitive training transfers to untrained cognitive skills
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(Jaeggi, Buschkuehl, Shah, & Jonides, 2013) and classroom working memory
functioning. In addition, inconsistency in adherence to cognitive training programs
conducted with children with SCD or cancer suggests that adaptations are necessary in
order to improve the effectiveness of this intervention.
What is Cognitive Training?
Cognitive training is an innovative therapeutic approach that has been successful
in improving cognitive deficits in a variety of illness populations. Through repeated
instructional practice, cognitive training methods reinforce, strengthen, or reestablish
previously learned patterns of behavior and establish new patterns of cognition through
compensatory cognitive mechanisms (Butler, 1998; Cicerone et al., 2000) in the areas of
language, attention, concentration, spatial perception, memory, calculation, and working
memory (Cappa, 2005; Cicerone et al., 2000; Klingberg, Forssberg, & Westerberg,
2002). Cognitive training is based on Luria’s theory of brain function, which suggests
that cognitive skills rely on collaboration of different brain areas, which merge into
functional brain systems. These complex networks have the capacity to compensate for
damage and correct dysfunction through reorganization, particularly in the growing brain
(Berlucchi, 2011; Mikadze, 2014). Due to this plasticity, the brain is not only able to
compensate for the damage through circumventing the disability, but is also able to
substitute the cognitive skill with a new method of performing a task through training
over and above what the patient would have been able to achieve without intervention
(Berlucchi, 2011).
Cognitive training is directed toward many areas of cognition, including attention,
concentration, perception, memory, comprehension, communication, reasoning, problem
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solving, judgment, imitation, planning, self-monitoring, and awareness (Cicerone et al.,
2000). A range of methods have been used to train cognitive skills. For example, the
Amsterdam Memory and Attention for Children (AMAT-C) program uses daily practice
and games as well as exercises in attention and memory in order to remediate deficits.
Additional techniques are applied that teach children strategies that they can use in their
daily lives in order to accomplish school tasks (Van’t Hooft et al., 2005). In the Pay
Attention program, children practice attention and executive functions using cognitive
operations and subsequently receive corrective feedback for errors in order to improve
accuracy and speed in the future (Chenault, Thomson, Abbott, & Berninger, 2006).
Perhaps the most popular method that has shown to be effective in recent years is
cognitive training through computerized methods.
Computer cognitive retraining methods are an interactive and interesting approach
for children to engage in practicing cognitive skills and are effective at improving
working memory in patients with stroke (Westerberg et al., 2007) and children with
ADHD (Klingberg, Forssberg, & Westerberg, 2002b). Training through a computerized
program is convenient, effective, and is lower cost than other methods (Matthews,
Harley, & Malec, 1991). Skills learned through computerized cognitive training show
transfer to certain aspects of executive function and measures of school performance in
typically developing children (Goldin et al., 2014). CogMed is an example of an
adaptive computerized working memory program that trains children in verbal and
visuospatial working memory and has been effective in improving working memory in
children with a range of diagnoses (Beck et al., 2010; Chacko et al., 2014; Hardy,
Willard, Allen, & Bonner, 2013). Other examples of computerized working programs are
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Jungle Memory (http://www.junglememory.com) and Cognifit (http://www.cognifit.com)
(Melby-Lervag, 2013).
Imaging studies of cognitive training show that in addition to improvements on
measures of cognitive functioning, cognitive training is associated with changes in
cortical activity in the neural systems underlying specific cognitive functions (Jolles et
al., 2013; Olesen, Westerberg, & Klingberg, 2004). For example, Olesen and colleagues
found increased functional connectivity in the middle frontal gyrus and the superior and
inferior parietal cortices after working memory training (2004). The amount of working
memory training completed is associated with increased structural connectivity in white
matter regions adjacent to the intraparietal sulcus and the anterior part of the body of the
corpus callosum, regions critical in working memory (Takeuchi et al., 2010).
Does Cognitive Training Work for Healthy Children?
Cognitive training has been used to remediate a variety of problems in healthy
children including working memory (Alloway, Bibile, & Lau, 2013; Dunning, Holmes, &
Gathercole, 2013; Goldin et al., 2013; Nutley, et al., 2011), intelligence (Bracy, et al.,
1999), attention (Goldin, et al., 2014; Rueda, Checa, & Combita, 2012), mathematical
ability (Barkl, Porter, & Ginns, 2012; Holmes, Gathercole, & Dunning, 2009;
Kroesbergen, Van’t Noordende, & Kolkman, 2014), fluid reasoning and processing speed
(Mackey et al., 2011). Studies conducted on working memory training in healthy
children have found that working memory training leads to improvement on non-trained
working memory tasks (Dunning, Holmes, & Gathercole, 2013; Klingberg, Forssberg, &
Westerberg, 2002b) as well improvements in verbal (Alloway, Bibile & Lau, 2013;
Loosli et al., 2012) and mathematics abilities (Goldin et al, 2014).
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Effects from cognitive training seem to be maintained three months (Barkl,
Porter, & Ginns, 2012), eight months (Alloway, Bibile & Lau, 2013), and one year after
training (Dunning, Holmes, & Gathercole, 2013). In studies of healthy children, training
has proven to be effective in children as young as four years (Nutley et al., 2011; Thorell
et al., 2009) up to adolescence (Bracy et al., 1999; Navarro et al., 2003). Most of the
recent research in cognitive training in healthy children has used computerized training
methods (Alloway, Bibile, & Lau, 2013; Bracy et al., 1999; Holmes, Gathercole, &
Dunning, 2009; Loosli et al., 2012; Nutley et al., 2011). Among studies that focus on
working memory training, research has shown that this method has a significant impact
on both visual spatial and verbal working memory (Holmes, Gathercole, & Dunning,
2009; Thorell et al., 2009).
Cognitive Training in Children with Cancer
Cognitive training has been used with children with cancer to effectively
remediate problems in the areas of attention and concentration (Butler, 2002; Butler et al.,
2008; Hardy, Willard, & Bonner; Kesler, Lacayo, & Jo, 2011; Patel, Katz, Richardson,
Rimmer, & Kilian, 2009; Van’t Hooft & Norberg, 2010), working memory (Conklin et
al., 2015; Hardy, Willard, Allen, & Bonner, 2013; Hardy, Willard, & Bonner, 2011;
Kesler, Lacayo, & Jo, 2011; Van’t Hooft & Norberg, 2010), and academic achievement
(Butler et al., 2008; Patel et al., 2009). Furthermore, studies have shown evidence that
cognitive training leads to changes in brain activity among childhood cancer survivors
(Conklin et al., 2015; Zou et al., 2012). Sample sizes have varied between small pilot
studies of three children (Van’t Hooft & Norberg, 2010) and larger multi-site randomized
trials (Butler et al., 2008). Cognitive training conducted in children with cancer has been

5

applied to children as young as 6 years up to 22 years (Butler & Copeland, 2002). Across
these interventions, there is great variability in the time that it takes to complete a
cognitive training program with some programs lasting a total of 5 weeks (Hardy et al.,
2013; Hardy, Willard, & Bonner, 2011) and others lasting up to six months (Butler et al.,
2008). In addition, adherence across studies varies between 28% (Patel et al., 2009) and
100% (Hardy, Willard, & Bonner, 2011; Van’t Hooft, 2010), with the best adherence
cited in studies with small samples sizes.
Several methods have been used in order to implement cognitive training with
children with cancer. One promising avenue of research combines cognitive training
with additional strategies including cognitive behavioral therapy (CBT) and
metacognitive strategies to reinforce training (Butler & Copeland, 2002; Butler et al.,
2008; Patel, et al., 2009). This method has been shown to aid childhood cancer survivors
in improving working memory, academic achievement and parent-reported attention as
well as increase use of metacognitive strategies (Butler et al., 2008). The Swedish
Memory and Attention Retraining (SMART) program uses a combination of daily
practice and games, exercises in specific attention and memory techniques, and
therapeutic behavior techniques that focus on relaxation and the accomplishment of
school tasks. In a small pilot study (n =3), the program improved sustained and selective
attention, visual spatial memory, and verbal memory. However, executive functioning
problems slightly increased after training according to teacher ratings. Furthermore,
parents reported that daily practice sessions interfered with the child’s schedule (Van’t
Hooft & Norberg, 2010).
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Other studies have incorporated techniques to compensate for individual
differences and environmental factors on the success of cognitive training. In one
intervention study conducted with children with cancer, the program was tailored toward
the child’s own strengths and weaknesses. In addition, the child’s therapist collaborated
with the child’s parent and the child’s teacher in order to optimize success in the training.
This program led to significant improvement in comparison to controls in the areas of
attention and concentration including improvement on measures of digit span, sentence
memory, and a continuous performance test (Butler & Copeland, 2002). Cognitive
training using exclusively strategy training has also been tested in children with cancer.
In a study of pediatric cancer survivors, children learned problem-solving skills,
behavioral study skills and metacognitive strategies, self-monitoring, self-motivation, and
self-reinforcement. The children also learned information processing strategies,
techniques such as chunking, reorganizing information into semantic categories,
associating new information to material that has been learned previously, mnemonic
devices, visual imagery, and using repetition through multimodal input. However, these
strategies did not result in a statistically significant change in functioning (Patel et al.,
2009).
In contrast to in-person cognitive training methods, computerized training allows
more flexibility and less staff resources. For example, the child and parent can decide
what time is best to complete the training, depending on individual schedules and medical
needs. In addition, this method does not require staff resources to administer each
training session. To date, computerized training has been successful implemented at
home (Conklin et al., 2015; Cox et al., 2015; Hardy, Willard, Allen & Bonner, 2013;
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Hardy, Willard, & Bonner, 2011; Kesler, Lacayo, & Jo, 2011), but has not been tested in
a school or a clinic setting. Programs that have been used in order to train cognitive
abilities include Captain’s log (Hardy, Willard, & Bonner, 2011) and Lumos Labs
cognitive exercise program (Kesler, Lacayo, & Jo, 2011). In a study of nine children
with CNS affecting cancer using Captian’s Log, children improved on measures of
attention including parent report and Digit Span forward, but did not improve on some
measures of working memory including Digit Span Backward and Letter-Number
Sequencing. The authors reported that there was significant variation in the amount of
time spent on the intervention, ranging from 9 to 53 sessions and from 3.7 to 20.8
training hours, suggesting that there were possible difficulties with finding time to
conduct the training during the day (Hardy, Willard, & Bonner, 2011). Children with a
history of brain tumors and ALL (Acute Lymphoblastic Leukemia) trained with Lumos
Labs exercise program improved processing speed, executive functioning, verbal
memory, and visual memory. Working memory did not improve from time one to time
two. Although the program was expected to last for eight weeks, most children required
an average of 14 weeks to complete training (Kesler, Lacayo, & Jo, 2011).
Perhaps the most effective and widely used at-home method for cognitive training
in children with a history of brain tumor or ALL is Cogmed Working Memory Training
(Conklin et al., 2015; Cox et al., 2015; Hardy, Willard, Allen & Bonner, 2013). The
evidence suggests that Cogmed improves working memory and processing speed and
reduces parent-reported symptoms of inattention, executive function, and learning
problems (Conklin et al., 2015; Hardy, Willard, Allen & Bonner, 2013). In addition,
Cogmed is associated with a reduction in fMRI prefrontal and parietal activation,
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suggesting that training increases neural network efficiency in brain regions associated
with working memory (Conklin et al., 2015). Overall, parents and children that
participate in computerized cognitive training programs report satisfaction with this
method of training and report few issues with technological problems (Cox et al., 2015;
Hardy, Willard, Allen & Bonner, 2013). However, more research is needed to determine
the generalizability of this method to other cognitive skills as well as the long-term
impact of training on working memory (Conklin et al., 2015; Hardy, Willard, Allen &
Bonner, 2013).
Cognitive Training in Children with Sickle Cell Disease
To date, only three studies have been published on cognitive training with
children with SCD, despite the increased risk for stroke and other sources of
neurocognitive deficit that warrant inclusion in cognitive training studies. Two of the
studies to date used strategy training methods, including silent rehearsal to facilitate
short-term memory and semantic clustering to facilitate long-term memory (King et al.,
2007; Yerys et al., 2003). For example, in a study following six children ages 11-15 with
SCD with a history of infarct, two out of three children who received strategy training
improved on measures of short-term memory and all three children improved on
measures of long-term memory (Yerys et al., 2003). In another study of strategy training
conducted with 11 children with SCD and a history cerebral infarct, children in the
intervention group improved on measures of working memory compared to the control
group. Both the control and intervention groups improved on academic achievement
(King et al., 2007). In addition, both of these studies conducted cognitive training using
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strategy training rather than adaptive cognitive training, which has generally been found
to be more effective in remediating problems.
The most robust study of cognitive training examined the feasibility of using
Cogmed working memory training in 12 children and adolescents with SCD ages 7-16
years. The data from this study suggest that working memory training is effective in
improving performance on trained and untrained working memory tasks including tests
measuring either verbal or spatial working memory; researchers in this study, however,
also commented on issues with adherence, citing an overall adherence rate of
approximately 50% (Hardy et al., 2016). Although this study demonstrates that
computerized cognitive training has been effective in remediating problems in working
memory in children with SCD, more research with larger sample sizes is needed. In
addition, future studies need to address issues of adherence in this population.
Importance of Working Memory
Working memory involves the short-term maintenance and manipulation of
information, which is important for tasks such as encoding information into long-term
memory (learning), auditory comprehension, and reasoning (Baddeley, 2003). Working
memory is also considered to be a critical function for most forms of higher-level
cognition (McCabe, 2010). Furthermore, working memory is associated with academic
ability (Alloway, 2004) and general intelligence (Conway, Kane, & Engle, 2003; Waiter
et al., 2009) in children. In fact, it is difficult to separate working memory from
intelligence due to the impact of working memory on cognitive skills such as reading and
mathematics (Bull & Scerif, 2001; Gathercole et al., 2006) and evidence of similar
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underlying structures in working memory and intelligence (Kuwajima & Sawaguchi,
2010).
As children age, working memory capacity increases. Imaging studies show that
older children show increased brain activity on a functional MRI (fMRI) in the superior
frontal and intraparietal cortex than younger children while performing working memory
tasks. These frontal and parietal regions are involved in the control of attention and
spatial working memory (Klingberg, Forssberg, & Westerberg, 2002). However, some
children demonstrate impairment in working memory. Typically four to five students in
a classroom of thirty will demonstrate significantly impaired working memory
(Gathercole & Alloway, 2008). Children with special education needs, however, are
sixteen times more likely to exhibit problems in working memory, with particular
difficulty with tasks involving the central executive (Alloway, Gathercole, Adams, &
Willis, 2005).
Adults and children with SCD show impairment on tasks of working memory at a
higher rate than typically developing children (White, Salorio, Schatz & DeBaun, 2000;
Vichinsky et al., 2010). Working memory is related to the ability to control attention,
particularly under conditions that involve distraction or interference (Engle & Kane,
2004). Due to the evidence that children with SCD demonstrate problems with selective
attention, children with SCD may also exhibit greater deficits in working memory (Craft
et al., 1994; Schatz et al., 2001; Schatz, Craft, & Koby, 2000). Children with SCD who
have experienced a stroke are at greater risk for deficits in working memory (BrandlingBennett, 2003; White, et al., 2000), with specific damage to key prefrontal regions (e.g.,
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dorsolateral prefrontal cortex) associated with problems related to manipulating
information in working memory (Brandling-Bennett, 2003).
Deficits in working memory also occur in children receiving treatment for ALL
(Ashford et al., 2010; Carey et al., 2007; de Oliveira-Gomes, Leite, Garcia, Maranhao, &
Hazin, 2012) and brain tumors (Conklin et al., 2012; Dennis, Hetherington, & Spiegler,
1998). For children with ALL, these deficits may be evident as early as the first year of
treatment, with severity of deficits dependent on the dose of methotrexate and the rate of
infusion (Carey et al., 2007). Children receiving cranial radiation treatment for brain
tumors seem to exhibit poorer working memory than children with brain tumors that did
not receive radiation treatment (Dennis, Hetherington, & Spiegler, 1998). Working
memory may be the best indicator of treatment-related changes in children with cancer
due to evidence that working memory measures seem to be more sensitive than global
intelligence measures (Ashford et al., 2010).
Working memory is an important target for intervention in children with SCD and
cancer due to the significance of deficits in working memory on overall cognitive
functioning and the prevalence of problems in working memory in this population.
Although literature in this area has not been extensive, the most promising research in
cognitive training in children with SCD and cancer has been conducted in the area of
working memory. Furthermore, working memory training has been shown to lead to
changes in brain structures and functions of the front parietal regions, which are critical
for working memory (Takeuchi et al., 2011). Consequently, it is crucial to understand
how working memory training can best be applied to remediate problems in children with
SCD or cancer.

12

Need for Adaptations to Working Memory Training in Children with SCD and
Cancer
Disease Related Adaptations
Children with SCD or cancer face additional challenges to working memory
training due to the direct impact of the disease. For example, the variability of the source
of cognitive impairment in children with SCD or cancer as well as incremental deficits in
cognitive functioning produce a more complex set of cognitive deficits for these children.
These cognitive changes that occur may be subtle and more difficult to detect. In
addition, children in this population must manage medical concerns that often take
priority over cognitive training. Consequently, it is important to understand the disease
related factors that may influence cognitive training in children with SCD or cancer in
order to develop effective intervention for cognitive deficits.
Source of Cognitive Impairment in Children with Cancer. Treatment for
childhood brain tumors and ALL consists of a combination of treatments including
cranial radiation therapy (CRT), chemotherapy and surgery (Moore, 2005). CRT appears
to be the most detrimental to neurocognitive functioning, with children that have received
this treatment scoring the lowest, followed by children receiving intrathecal
chemotherapy treatment, and children with no CNS treatment scoring the highest (Moore,
Copeland, Ried, & Levy, 1992). Specifically, children that have received CRT tend to
show deficits in attention (Dowell, Copeland, Fletcher, & Stovall, 1991; Moore et al.,
1992; Mulhern et al., 2004), processing speed (Schatz, Kramer, Albine, & Matthay,
2000), working memory (Dennis, Heterington, & Speigler, 1998; Schatz, et al., 2000),
and IQ (Dowell et al., Schatz, et al., 2000). In addition to treatment variables, other
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factors such as age, gender, (Butler & Copeland, 1993) intensity of treatment (Turner,
Rey-Casserly, Liptak, & Chordas, 2009), and tumor location (King et al., 2004) can
influence severity of neurocognitive effects.
Source of Cognitive Impairment in Children with Sickle Cell Disease. The
most common and most serious source of neurocognitive impairment in children with
SCD is overt stroke, which affects approximately 5% of children with SCD (OheneFrempong, 1998). Children with SCD are also at risk for silent cerebral infarction or
silent stroke, which is characterized by neuroimaging abnormalities consistent with
cerebral infarction without physical neurologic symptoms (Adams et al., 2001). Both
silent and overt stroke have been linked to neurocognitive complications in children with
SCD (Schatz et al., 2001; Vichinsky et al., 2010). Neurocognitive deficits also appear to
occur without visible cerebral infarction, including brain oxygenation and/or perfusion
deficits (Schatz et al., 2002). Children with SCD also score lower than age-matched peers
on measures of academic achievement and IQ, even in the absence of an overt or silent
stroke (Schatz et al., 2002; Steen et al., 2005). Specific areas that are affected in children
with SCD include attention, concentration, reading decoding (Brown, Buchanan et al.,
1993) crystallized ability, processing speed, short-term memory (Schatz, Finke, &
Roberts, 2004) and executive skills including working memory (Schatz & Roberts, 2007).
Impact of source of neurocognitive impairment on working memory training.
The variability of source of neurocognitive impairment in children with SCD and cancer
has implications for outcomes associated with cognitive intervention. This is due to the
vast differences in cognitive profiles between two children with the same disease who
have working memory deficits. Although some children within these populations have
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cognitive deficits only in the area of working memory, other children may experience
additional cognitive impairment that may influence their ability to show progress on
working memory outcome measures. Consequently, it is important to consider how the
source of cognitive impairment can lead to differences in neurocognitive profiles and
how that may influence cognitive training for each individual in a working memory
training program.
Incremental deficits in cognitive functioning. In children with SCD and cancer,
cognitive deficits appear to worsen with age, which is in contrast to other conditions such
as ADHD, which show improvement in intellectual functioning with age (Coghill,
Hayward, Rhodes, Grimmer, & Matthews, 2013; Huang, Wang, & Chen, 2012). For
example, a meta-analysis conducted on studies of cognition in SCD found a statistically
significant difference in effect sizes for the older children (11-13 year olds) than younger
children (9-10 year olds), suggesting a larger discrepancy in cognitive functioning for
older children with SCD in comparison to healthy control children (Schatz, Finke, Kellet,
& Kramer, 2002). Children with cancer also tend to demonstrate worsening cognitive
effects as they age. This is due to evidence that increased time from CRT is associated
with worse neurocognitive functioning in children with pediatric cancer (Copeland,
deMoor, Moore, & Ater, 1999; Mulhern et al., 2001; Palmer et al., 2001; Palmer et al.,
2003). Consequently, brain damage in children with cancer may be delayed until several
years after treatment (Brouwers, Riccardi, Fedio, & Poplack, 1985; Brown et al., 1992).
Impact of incremental deficits on working memory training. A decline in
cognitive functioning with increasing age has implications for the time in which working
memory training occurs. Due to worsening cognitive performance, it appears that
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acquiring new skills and information becomes more difficult as children age, suggesting
that intervention when children are older may become more and more challenging for
these children. However, the delay in cognitive deficits in children with cancer and the
subtlety of deficits in children with SCD may make it difficult to detect the presence of
cognitive decline that would make children eligible for working memory training
programs. Therefore, children that would potentially benefit from working memory
training may be missed.
Other medical concerns that impact working memory training. In addition to
cognitive effects from SCD and cancer, children with these health conditions experience
other significant disease effects that impact their quality of life. For example, children
with SCD experience pain, fatigue, priapism, hip necrosis, jaundice, and spleen damage
(Rees et al., 2010; Wethers, 2000). Children with cancer experience multiple side effects
as a result of the disease including bleeding, bruising and severe anemia (Armstrong,
1999) as well as side effects of treatment including hair loss, weight gain or loss, fatigue,
constipation, and low blood counts (Copeland et al., 1988). In a study of childhood
cancer patients, 75% of children had one or more adverse events including cardiovascular
problems, endocrinology complications such as growth hormone deficiency and thyroid
disorder, fatigue, fertility issues, obesity, hypertension, seizures, pain, and psychosocial
problems. Furthermore, 40% of the cancer survivors in this study had at least one life
threatening or disabling event (Geenen et al., 2007). Disease complications and other
adverse events may impact the frequency or duration of training if a medical emergency
arises and may also result in missed days of school. In addition, children with cancer or
SCD may become fatigued by exercises more easily than a typically developing child.
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Treatment for SCD or cancer may also interfere with working memory training.
For example, children with SCD take a variety of medications to manage their disease
including penicillin to reduce infection, analgesic opiates to manage pain episodes, and
hydroxyurea to increase fetal hemoglobin for children with more severe forms of the
disease (Rees, Williams, & Gladwin, 2010). Remaining adherent to medication regimens
is challenging due to barriers such as busy schedules and forgetting to take medication
(Witherspoon & Drotar, 2006) and may actually interfere with activates that contribute to
quality of life (Barakat, Lutz, Smith-Whitley, & Ohene-Frempong, 2005). In addition,
medications to reduce pain have side effects including sedation, nausea and vomiting that
can impact the child’s ability to complete training (Yale, Nagib, & Guthrie, 2000). Other
treatment procedures for children with cancer or SCD including CRT and chemotherapy
for children with cancer and chronic transfusions for children with SCD are time
consuming and physically draining, possibly preventing children from being able to
complete cognitive training procedures.
Environmental Adaptations
Frequent absences in children with SCD and cancer. In addition to disease
factors, a diagnosis of a chronic illness is associated with changes in the child’s
environment, primarily within the school system and family unit. Children with SCD or
cancer are at risk for excessive school absences. Children with cancer miss an average of
40 to 60 days of school in the first year after diagnosis, with some children having to
repeat the entire school year (Pini, Hugh-Jones, & Gardner, 2012). Children with cancer
have lower school attendance than their peers due to treatment and clinic visits (Mancini,
1989). Although children with cancer miss the most school during the year following
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diagnosis, research shows that this population often has irregular attendance for up to
three years following diagnosis and has difficulties catching up to two years later,
suggesting that current absences can affect later school performance (Moore et al., 2009).
Despite being more likely to repeat a grade and miss school, survivors of non-CNS
cancer were similar to peers on most educational and occupational outcomes during the
transition from adolescence to emerging adulthood, suggesting that children with cancer
are able to overcome the barrier of frequent absences (Gerhardt et al., 2007).
Children with SCD are also at risk for frequent absences, missing an average of
18 days of school a year (Schatz, 2004). Children with SCD may miss school
intermittently due to pain episodes treated at home or hospitalizations that last for many
days or weeks. In a self-report study of parents of children with SCD aged 5 to 17 years,
28% of children and adolescents had three or more hospitalizations during a two-year
time span (Cant Peterson, 2005). In addition, 30% of children with SCD experience pain
every day, while 50% experience pain more than half of the days (Smith et al., 2008).
Therefore, even when children with SCD are attending school, they are often in pain.
Research suggests that children with SCD who miss school are more likely to have
special education services and are more likely to be retained (Schatz, 2004).
Impact of frequent absences on working memory training. Missing school
impacts the amount of classroom instruction that children receive. Consequently, children
are at risk for falling behind due to missed school days. The impact of missing school is
even greater for children with working memory deficits. In the context of a working
memory-training program, missing school would limit the ability to train exclusively in
the classroom setting. In addition, missing school may limit the impact of working
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memory training if skills learned through working memory training aren’t reinforced in
the classroom. In addition to missed days of school, one consideration is that many
children with SCD and cancer have a 504 or IEP Plan (Brown et al., 1998).
Consequently, parents might not be interested in additional educational intervention.
Family factors that could influence working memory training. Parent-child
relationships and family functioning are critical for child adaptation to chronic illness
(Wallander, Varni, Babani, Banis, & Wilcox, 1988). Children with chronic illness who
are able to gain support from family and friends receive psychosocial benefit beyond
these relationships. Social support is positively related to physical and mental health in
individuals who have suffered a spinal cord injury (Muller, et al., 2012), is associated
with increased self-efficacy in individuals with chronic obstructive pulmonary disease
(Bonsaksen, Lerdal & Fagermoen, 2012), and is predictive of negative affect in children
with cancer (Varni & Katz, 1997). According to Kazak’s implementation of
Bronfenbrenner’s social ecological model applied to childhood chronic illness, the child
exists at the center of the circle, with family in the next ring, and social support systems
and the healthcare system in the next ring (Kazak, 1989). The model demonstrates that
the family is a central component of a chronically ill child’s social support network.
Furthermore, the quality of family relationships and other family resources such as
income and maternal education also influence adaptation to chronic illness (Wallander et
al., 1989).
Family functioning in children with cancer. A diagnosis of a serious illness
often disrupts the functioning of the family system. While some families are able to
adjust to the demands of the illness, many families report disruptions to family
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functioning as a result of these demands. Families with an adolescent with cancer report a
high rate of family functioning difficulties, with many adolescents and parents reporting
poor family functioning overall (Alderfer, Navsaria, & Kazak, 2009). In particular,
cancer survivors and their parents report communication difficulties, difficulties with
emotional expression within the family, and lack of responsibility within the family
(Alderfer, Navsaria, & Kazak, 2009).
Difficulties with family functioning may reflect the various changes that occur
within the family as a reaction to the child’s illness. Both mothers and fathers of children
with cancer report more nervousness and fear and a greater responsibility for the family
(Sieminska & Greszta, 2008). Families with a child with cancer also report disruption of
career, with some families reporting having to give up employment or alter career plans
and duties as well as significant financial strain. In one study, 32% of families surveyed
experienced poverty as a result of the illness (Sieminska & Greszta, 2008). Treatment
status (whether the child is on or off treatment) is an indicator of the level of parenting
stress, which can impact family functioning. Parents who report experiencing more
frequent stressors, particularly those pertaining to emotional issues, are more likely to
report disruptions in family functioning. This is likely due to the amount of emotional
resources that are given to the sick child, which diminishes the available resources that
the parent can contribute to the overall family (Streisand, Kazak, & Tercyak, 2003).
Despite difficulties reported by families of children with cancer, many families
report positive changes as a result of the diagnosis. When faced with the medical,
emotional, and financial demands of their child’s illness, many families demonstrate
increased coherence and stronger marital ties, as well as stronger religious faith. In

20

addition, some families report stronger ties with relatives as well as more time devoted to
the family (Sieminska & Greszta, 2008). A supportive and cohesive family relationship
characterized by commitment, help, support, and open expression of feelings can protect
against maladaptive responses to the stressor of the illness and lead to lower
psychological distress, higher social competence and better overall mental health
(Fuemmeler, 2003; Rait et al., 1992; Varni, Katz, Colegrove, & Dolgin, 1996). Positive
family relationships are not only critical for overall adjustment to a cancer diagnosis but
also have a direct relationship with cognitive functioning. Studies demonstrate that
poorer cancer survivor processing speed, working memory, verbal memory, and
executive function are significantly associated with poorer family functioning which
leads to poorer cancer survivor health related quality of life (Hocking et al., 2015).
Family functioning in children with SCD. SCD is an episodic disorder that
significantly impacts the family due to the unpredictability of pain episodes (Rolland,
1984). Caring for a child with SCD is a full-time responsibility requiring approximately
1.5 hours per day devoted to SCD related caregiving tasks. There is significant caregiver
burden due to the unpredictability of pain crises and the feelings of guilt, inadequacy and
emotional distress that a caregiver experiences when seeing their child in pain
(Moskowitz et al., 2007). Factors such as level of cohesion and family conflict may
further disrupt family functioning in children with SCD. Families with a children with
SCD who self-report to be less cohesive have children that exhibit more externalizing and
depressive symptoms according to their mothers, and are rated by teachers as more
socially impaired (Brown et al., 1993). A study of family functioning in children with
chronic health conditions revealed that children with SCD were at the greatest risk of
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poor family functioning (Herzer et al., 2010). Sources of disruption in family functioning
in children with SCD can include medical crises and hospitalizations, which alter the
family routine and reduce the amount of time that families are able to spend with one
another and tend to each others needs, impacting the quality of family relationships
(Mitchell et al., 2007). Family functioning that is conflicted is associated with poor
outcomes including increased behavior problems and poor adjustment, and symptoms of
depression (Brown & Lambert, 1999; Thompson, 1999; Thompson et al., 2003).
A cohesive family environment is associated with more active coping in children
with SCD (Brown et al., 1993; Kliewer & Lewis, 2000; Lutz, Barakat, Smith-Whitley, &
Ohene-Frempong, 2004) and can lead to better adaptation to the disease (Burlew et al.,
2000). Greater family cohesion and adaptability can also potentially buffer the negative
effects of caring for a child with SCD, even when the child has additional concerns such
as behavior problems (Ievers, Brown, Lambert, Hsu, & Eckman, 1998). Predictors of
positive family functioning include higher SES and higher internal locus of control in
primary caregivers. For example, a parent who perceives higher control may be better
able to promote a cohesive and organized family system and access supports needed for
the family to address disease management in a successful manner (Barakat, Lutz,
Nicoloaou, & Lash, 2005). Positive family functioning has an impact not only on the
child with SCD, but also siblings of children with SCD. For example, family coping,
support, expressiveness and low conflict, are predictive of positive sibling adjustment,
even considering the impact of demographic variables and family characteristics (Gold et
al., 2008).

22

Impact of family functioning on working memory training. Chronic illness can
significantly disrupt family relationships and patterns leading to poor family functioning.
A family that is characterized as conflicted is less equipped to handle tasks and
challenges within the family. A working memory training intervention may further
disrupt family dynamics, reducing the amount of quality time that members of the family
are able to spend with one another. Consequently, families may be reluctant to engage in
working memory training. However, families that are able to handle this temporary
disruption would likely benefit overall due to the positive impact that working memory
training would have on the child with chronic illness.
Parent Functioning in children with cancer and SCD. Parents of children with
SCD and cancer report higher rates of parenting stress than parents of healthy children
(Barakat, Patterson, Tarazi, & Ely, 2007; Cabizuca et al., 2009). Higher parenting stress
in this population may be due to the additional caregiving demands that are required of
parents taking care of a child with a chronic health condition. For example, parents of
children with cancer participate in medical caregiving which includes tasks such as
changing dressings, administering medicines, and responding to the side effects of
treatment as well as more complicated procedures including drawing blood from portable
catheters and assessing the child’s medical status. Parents are also responsible for
transporting and accompanying children to frequent medical visits and providing support
during medical procedures (Jones, 2006). Parents of SCD also report increased stress at
diagnosis in anticipation of the pain and other symptoms that their child will suffer in the
future (Rao & Kramer, 1993).
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In addition to higher parenting stress, parents of children with SCD and cancer
report higher rates of mental health symptoms. Parents of childhood cancer survivors
report grater frequency and intensity of mental health symptoms including intrusive
thoughts, hypervigilance, and distress at reminders of the diagnosis and treatment
(Barakat et al., 1997) and endorse a greater frequency of stressful life events in general,
with 25% of parents meeting DSM criteria for PTSD compared to 7% of mothers of
healthy children (Brown, Madan-Swain, & Lambert, 2003). Parents of children with SCD
also endorse higher rates of distress including symptoms of anxiety and depression,
indicating poor adjustment to their child’s illness (Thompson, Gil, Burbach, Keith, &
Kinney, 1993). Increased mental health concerns may be a result of more negative
perceptions about their child’s illness as well as higher levels of caregiving burden and
poorer quality of life. Salvador and colleagues found that when parents perceive their
child’s illness as more severe and as interfering more with the child’s life, they also
experienced higher levels of caregiving burden and poorer quality of life (2015).
Impact of parent functioning on working memory training. Increased parenting
stress and mental health concerns may influence the parent’s ability to support their child
during working memory training. If parents have increased stress, adding a task of daily
training to their schedule may hinder parents from wanting to participate in a working
memory training intervention. Even when parents decide to allow their child to
participate, they may have trouble completing the sessions. In addition to stress related to
the disease, parents of children with SCD and cancer tend to have more contact with the
educational system (Kratz et al., 2009) due to increased absences and higher rates of
special education and repeating a grade (Pini, Hugh-Jones, & Gardner, 2012; Schatz,
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2004), which may add to parenting stress. However, more frequent contact with the
school may also help parents to better understand how an educational intervention would
benefit their child in achieving academic goals.
Current Study
Cognitive training methods are an innovative avenue to improve working memory
among children who have suffered cognitive deficits related to chronic illness. Most
studies of cognitive training programs are tailored toward the specific needs of individual
illness populations, however, a more generalized program focused on symptoms and
level of impairment would reach more children with working memory deficits and use
resources more efficiently. According to Sherr and Langenbahn, level of impairment and
symptoms are more important than diagnosis when determining cognitive retraining
program techniques (1992). In addition, in a study of patients with brain injury, stroke,
or other neurological conditions, Stringer found that cognitive retraining was successful
regardless of illness severity and across diagnostic groups (2011). Finally, most children
followed for a diagnosis of SCD or cancer attend the same Hematology/Oncology clinic,
so a program that fits the needs of both populations would be beneficial. Consequently,
the current study will include both children with cancer and SCD who demonstrate
impairment on measures of working memory.
Children with SCD or cancer are a unique population that requires special
consideration before adapting interventions to meet their needs. Due to the impact of the
disease and treatment on cognitive functioning and quality of life as well as the changes
to the child’s family and school environment as a result of the diagnosis, these children
may not demonstrate the same benefit from working memory training interventions
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unless adaptations are carefully considered and implemented. Consequently, additional
environmental adaptations will be implemented in order to support these children and
families to complete the program. Specifically, working memory training will be offered
exclusively over the summer. This adaptation will provide patients with a structured
method of engaging in cognitive tasks during the summer and allow more flexibility in
training, possibly improving adherence to the program. Summer programs designed to
improve school readiness and reading skills in preschoolers through school age children
have demonstrated statistically significant improvement and high parent satisfaction with
the programs (Graham, McNamara, & Lankveld, 2011; Graziano, Slavec, Hart, Garcia, &
Pelham, 2014; Mitchell & Begeny, 2014). In addition, due to evidence that parent
involvement in interventions is particularly beneficial for children with cancer or SCD,
adjustments will be made to include the parent as a more central component of the
training.
A meta-analysis of working memory training in children and adults shows that
although working memory training leads to short-term improvements in working memory
skills, these improvements do not generalize to other cognitive skills (Melby-Lervag,
2013). Consequently, children that improve working memory skills through working
memory training may not show improvement in the classroom setting. Previous studies
have investigated whether working memory training translates to improved classroom
working memory functioning using classroom analogues of activities that task working
memory including following instructions, detecting rhymes, and sentence counting and
recall. Although one study of a program that targeted strategy training led to
improvements in classroom performance another study using computerized adaptive
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working memory training did not demonstrate any gains in classroom performance
(Dunning, Holmes, & Gathercole, 2013; St. Clair Thompson, 2010). Due to differences in
findings in this area and questions related to generalizability of working memory training,
this study will use a measure correlated with functional attention performance as well as
teacher ratings of working memory to determine the impact of working memory training
in the classroom. The specific aims of this study include:
Aim 1) Assess the feasibility of a summer cognitive retraining program for children
experiencing working memory deficits in relation to a diagnosis of SCD and cancer.
Hypothesis 1a: Average adherence will exceed 80% of total sessions.
Hypothesis 1b: Parents will rate the intervention as feasible as defined by
mean ratings above 3 on the feasibility measure, adapted from the
Program Feasibility Questionnaire.
Aim 2) Measure the effect size of working memory training to remediate impairment in
children with SCD and cancer.
Hypothesis 2a: Children with working memory problems in the
intervention who have adhered to the training sessions (completed at least
24 sessions) will improve from baseline to post intervention on the
working memory index of the WISC-V.
Aim 3) Determine the generalizability of improvements gained through computerized
working memory training to classroom functioning in children with SCD or cancer.
Hypothesis 3a: Children who have adhered to the intervention will
demonstrate improved functional ability from baseline to post intervention
on an objective measure correlated with functional attention performance.
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Hypothesis 3b: Exploratory analyses will examine a new rating scale of
classroom behavioral symptoms of working memory problems to assess
its utility for future studies of working memory training.
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CHAPTER 2
METHODS
Study Design
The study is a repeated measures, quasi experimental design without a control
group.
Subjects
A total of 23 school-age children (ages 7-17) with cancer (brain tumors and Acute
Lymphoblastic Leukemia, ALL) or SCD were recruited from a children’s hospital in the
southeastern United States. In order to be eligible for the program, children had to score
one or more standard deviations below the mean on measures of working memory or
score in the clinically significant range on the Metacognition Scale of the parent version
of the BRIEF. Participants also had to demonstrate intellectual functioning sufficient to
understand the training tasks (IQ > 70). Children with cancer had to be off treatment for
one year prior to participating in the study. Exclusion criteria were a diagnosis of severe
conduct disorder, children without internet access, and non English-speaking children.
Approximately 40 children were determined to be eligible to participate according to
their diagnosis, presence of working memory concerns, and an appointment date within
the study time frame. Out of 23 children interested in participating, 17 children ages 7-17
with a diagnosis of SCD (n = 14) or cancer (n = 3) were eligible to complete the study.
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Intervention Procedures
Children diagnosed with cancer or SCD were identified through chart reviews.
Patients who were eligible due to their diagnosis were approached at their clinic
appointment or received a letter or phone call describing a program designed to improve
working memory problems in children. Following recruitment, parents and children
completed baseline measures including informed consent and assent, a parent interview,
working memory measures, a measure of intelligence, a measure of attention, and a
demographic questionnaire. Families approached at their clinic appointment could
choose to complete baseline measures at that time or may have scheduled an additional
appointment to complete baseline measures. Following completion of baseline measures,
teachers completed a measure of executive functioning and a measure of working
memory based on Dehn’s model of working memory classroom observation (Dehn,
2008). Families were then able to select their start date during the summer break in
which their child would participate in 6 weeks of training for 30 to 40 minutes per day for
a total of 30 sessions using Cogmed Robo Memo cognitive training.
Training aids (graduate clinical psychology students) offered technical assistance
and engaged in weekly coaching sessions over the phone. The weekly coaching sessions
took place at the beginning of the training week and allowed the coach to highlight
successes, provide support and encouragement, and answer any questions. Incentives
were given to children for each session completed. Children were tested as close to one
month following the intervention; however, due to scheduling problems the range of
values was one to five months. Children and parents completed post intervention
measures at the hematology/oncology clinic including working memory measures and a
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feasibility questionnaire. In addition, teachers completed follow-up measures of
executive functioning and working memory. See table 2.1 for a complete timeline of
measures and figure 2.1 for a full consort diagram.
Assessments and Measures
Baseline Measures. The Behavior Rating Inventory of Executive Functioning
(BRIEF) is an 86-item questionnaire measuring executive functioning in children 5-18
through parent and teacher report. The inventory includes eight subscales, which are
grouped into two indexes and one summary score. The metacognition index was used for
this study and includes the Initiate, Working Memory, Plan/Organize, Organization of
Material and Monitor subscales. The Global Executive composite (GEC) was also used
to report a summary score based on all eight scales. The BRIEF has been used
previously in studies assessing working memory training (Beck et al., 2010; Egeland,
Aarlien, & Saunes, 2013). The Demographic Questionnaire contains questions assessing
basic background information of participants. The entire measure can be found in
appendix C. The Parent Interview includes questions used to assess parent motivation
and preferences for working memory training. The aim of the questionnaire is to increase
parent motivation and involvement in working memory training and provide parents with
choices for conducting the training. The entire measure can be found in appendix B.
Primary Outcome Measures, Hypothesis 1. CogMed RoboMemo (RM) is a
computerized visuo-spatial and verbal working memory training program designed for
school age children ages 7 and up. There are a total of 12 exercises, although children are
only required to complete 8 exercises per day. Within each exercise, there are 15 trials for
a total of 120 trials per day. It typically takes children 30-40 minutes per day to complete
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the training. The 6-week, 30 session protocol was used for this study. The Summer
Working Memory Training Feasibility Questionnaire was developed based on the
Program Feasibility Questionnaire developed by Kronenberger and colleagues and
adapted to meet the needs of this study. Specifically, the following questions were added
in order to assess feasibility during the summer: “Training during the summer was
convenient” and “Training during the summer allowed flexibility with our family
schedule” and will be used as the primary outcome questions. “My child thought that the
exercises were fun” and “My child became frustrated with the exercises” were also added
based on questions included in other feasibility studies using working memory training.
Questions that weren’t relevant to the study were eliminated. The entire questionnaire
can be found in Appendix D.
Exploratory Outcome Measure, Hypothesis 1. The Summer Working Memory
Training Feasibility Questionnaire-Child Version was modified from the parent version
of the same measure to be developmentally appropriate for children. The entire
questionnaire can be found in the appendix.
Primary Outcome Measure, Hypothesis 2. The Wechsler Intelligence scales
for children, fifth edition (WISC-V) is an individually administered clinical instrument for
assessing the cognitive ability of children aged 6 years 0 months through 16 years 11
months. The WISC-V provides subtest and composite scores that represent intellectual
functioning in specific cognitive domains. For the purposes of this study, the Verbal
Comprehension and Matrix Reasoning subtests were used to determine that participants
had the necessary cognitive functioning to complete the intervention (IQ≥70). In
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addition, the Digit Span, Picture Span, and Letter-Number Sequencing subtests were
administered in order to yield a Working Memory Factor score.
Primary Outcome Measure, Hypothesis 3. The Test of Everyday Attention for
Children (TEA-Ch) is designed to measure selective, sustained attention, and attentional
switching in children ages 6-16. This measure includes nine subtests: Sky Search,
Score!, Code Transmission, Creature Counting, Sky Search-Dual Task, Map Mission,
Score!-Dual Task, Walk/Don’t Walk and Opposite World. and is significantly correlated
with school performance (Manly et al., 2001). Three tasks were chosen to assess the
generalization of working memory training to executive attention tasks that have working
memory components: Creature Counting, Score! - Dual Task, and Opposite World.
Creature Counting is a measure of attentional control/switching. In this task, children are
asked to count aliens in their burrow, switching between counting upwards and counting
downwards. Time taken and accuracy are scored in this subtest. Score! - Dual Task
measures sustained attention. In this task, children are asked to count scoring sounds. As
they count, they also have to listen for an animal name during a spoken news report. A
total score is obtained from the number of accurate sounds counted and animals
identified. The Opposite World task is part of the attention control/switching factor and
has predominant demands on inhibiting automatic responses. In the same world
condition, children follow a path naming the digits 1 and 2. In the Opposite World they
do the same task except this time they have to say “one” when they see a 2 and “two”
when they see a 1. In both tasks, the speed with which the children can perform this
cognitive reversal is scored.
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Exploratory Outcome Measure, Hypothesis 3. The Teacher Working Memory
Checklist is a measure based on Dehn’s model of working memory classroom
observation. The checklist assesses working memory in a variety of domains including
general working memory, phonological short-term memory, visuospatial working
memory, verbal working memory, and executive working memory in order to assess
functioning in the classroom. The entire measure can be found in appendix A.
Data Analysis
For Aim 1, hypothesis 1a, the percentage of children with at least 80% adherence (24
sessions) was computed. For Aim 1, hypothesis 1b, mean ratings of scores for questions
related to summer training on the feasibility measure were computed in order to detect a
statistically significant difference in means, H0 = 3.0, H1= 3.6. Power estimates indicated
that I would have 80% statistical power to detect a medium effect (0.6) with alpha = 0.5
and n = 19. For Aim 2, the Cogmed index improvement was calculated for children that
completed the program. Repeated measures ANOVA was used to measure the effect size
of changes in working memory between baseline and post intervention. For Aim 3,
scores on the TEA-Ch were compared from baseline to post intervention using a t-test.
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Table 2.1. Measurement Procedures
Visit

Duration

Measures

1) Baseline Measures

1.5 hours

Demographic Questionnaire

2) Baseline Teacher Measures

1 hour

3) Working Memory Training

35 min a
day for 6
weeks
1.5 hours

Informed consent/assent
Parent Interview
Teacher Working Memory Checklist
Teacher BRIEF
CogMed Robo Memo

4) Follow Up Measures

5) Posttest Teacher Measures

1 hour

Feasibility Questionnaire- Parent
TEA-Ch
Teacher Working Memory Checklist
Teacher BRIEF

35

Parent
BRIEF
WISC-V
TEA-Ch

Parent
BRIEF
WISC-V

40 eligible for
participation

4 refused, 4 passive
refusal, 1 ineligibleno internet access; 8
not approached

23 completed
testing

6 tested but
ineligible

17 met eligibility
criteria

5 completed the
program
(24 sessions or
more)

5 completed part of
the program
(8 - 15 sessions)

Figure 2.1 Consort Diagram
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7 did not complete
any sessions

CHAPTER 3
RESULTS
Aim 1, Hypothesis 1a
For Hypothesis 1a of Aim 1, analyses were conducted to determine the average
adherence for the sample. The results indicated that only 29.4% of participants
completed the full program, with 58.8% completing at least 8 sessions. Of the 17
children that participated in the study, 5 children completed the program (29.4%), 5
children completed between 8 and 15 sessions (29.4%), and 7 children did not complete
any sessions (41.2%).
Additional descriptive statistics were examined to determine if there were any
potential predictors of participants that completed versus participants that did not
complete the full program. Children that completed the full program completed sessions
ranging from 7 weeks to 18 weeks with an average of 12 weeks. Children that completed
the full program ranged in age from 7 to 14 years, including 3 males and 2 females. Full
completers were equally distributed across diagnosis groups, with 3 children with SCD
and 2 children with a brain tumor completing the full program. Children that completed
the program were also equally distributed across SES backgrounds (SES ranging from
less than $10,00 to over $90,000). All completers had parents that completed at least
some college education. Conversely, partial completers and non-completers tended to
report lower levels of income than completers despite similar levels of education. For
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example 60% of partial completers and over 70% of non-completers reported a total
household income of less than $30,000 a year. In addition, all of the participants that did
not complete the program had a diagnosis of SCD. See Table 3.1 for a full list of
demographic characteristics by group.
Aim 1, Hypothesis 1b
For Aim 1, Hypothesis 1b, analyses were conducted to determine the feasibility of
implementing a summer working memory training program in this population. An
independent samples t-test was conducted to compare scores on the parent feasibility
measure from H0 (see table 3.2). For the primary outcome questions, a significant
difference was found for the item, “training during the summer was convenient”, t(8) =
2.63, p = .03, such that the majority of parents agreed with this statement (77.8%). There
was also a significant difference found for the item “training during the summer allowed
flexibility”, t(8) = 5.66, p = .00. However, only 44.4% agreed with this item while 44.4%
disagreed. Further exploratory analyses revealed that a significant difference was also
found for the items, “my child’s working memory improved after Cogmed”, t(8), = 3.50,
p = .01 (66.7% agreed), “my child’s learning ability improved after Cogmed”, t(8) =
2.87, p = .02 (77.8% agreed), “I was happy with the results of Cogmed”, t(8) = 5.50, p =
.00 (88.9% agreed), and “I would recommend Cogmed to others”, t(8) = 8.22, p = .00
(100% agreed). However, there was also a significant difference found for the items “a
lot of child effort was required for Cogmed”, t(8) = 4.40, p = .00 (77.7% agreed) and “A
lot of parent effort was required for Cogmed”, t(8) = 4.24, p = .00 (77.8% agreed). For
child feasibility ratings, we calculated the percentage of children that agreed with each of
the statements. Please see table 3.3 for child feasibility ratings.
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Aim 2
For Aim 2, analyses were conducted to understand the efficacy of the intervention
by examining changes from baseline to time 2. To describe practice effects on the
training task, I compared completers to partial completers on the Cogmed index of
improvement. The mean Cogmed index improvement was 33.2 (SD = 12.56) for
completers and 24.6 (SD = 16.6) for partial completers. A paired samples t-test revealed
that the improvement was significant for completers t(4) = -5.91, p = .00; d = 1.65 and
partial completers t(4) = -3.31, p = .03, d = 1.50.
For the comparison of pre-post working memory outcomes using a repeated
measures analysis of variance (ANOVA) procedure the dependent variable was WISC-V
Working Memory Composite Score and the independent variables were time (pretraining, post-training) and group (completers, partial completers, non-completers). The
analysis did not indicate statistically significant differences between groups, F(2) = .31, p
= .74, d = .05. This same procedure was conducted with each WISC-V working memory
subtest as the dependent variable. The results did not indicate a significant difference
between groups on the Letter-Number Sequencing subtest of the WISC, F(2) = 1.07, p =
.38, d = .16, the Digit Span subtest, F(2) = .95, p = .42; d = .15, or Picture Span subtest,
F(2) = .11, p = .90; d = .02. Due to the small sample size, descriptive comparisons of
mean scores from time 1 to time 2 for each group were examined.
Follow-up analyses using a paired samples t-test to examine pre-post effects
within each group indicated a non-significant improvement in group means on the WISCV Working Memory Composite Score for all groups. However, changes in group means
showed a large effect size for completers, t(4) = -1.66, p = .17, d = .87 and a medium
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effect for partial completers, t(4) = -.62, p = .57, d = .37. Conversely, group means for
the Working Memory Composite showed only a small effect for non-completers, t(3) = .34, p = .76, d = .10. A paired samples t-test was also computed to measure
improvements in each working memory subtest from time 1 to time 2. The results for
completers indicated a large effect size for improvements in scaled score group means for
the Digit Span, t(4) = -1.66, p = .17, d = 1.2 and Letter-Number Sequencing subtests, t(4)
= -2.45, p = .70, d = .90, but only a small effect for the Picture Span subtest, t(4) = .59, p
= .59, d = .26. A similar large effect size was found for the partial completers on Digit
Span, t(4) = -3.09, p = .04, d = .87 and a medium effect for Letter-Number Sequencing,
t(4) = .83, p = .46, d = .43, while Picture Span demonstrated only a small effect, t(4) =
.30, p = .78, d = .24. Changes in mean scores for non- completers showed a small effect
for all three subtests (Digit Span, t(3) = -.55, p = .63, d = .03; Letter-Number Sequencing,
t(3) = -.78, p = .50, d = .06; Picture Span, t(3) = .5, p = .64, d = .31). See Tables 3.4 and
3.5 for baseline and follow up scores as well as figures 3.1 through 3.4 of graphical
depictions of results.
Aim 3
For Aim 3, analyses were conducted to determine how well improvements in
working memory generalized to functional attention performance. Mean scores for each
subtest of the TEA-Ch were examined to look for improvements from time 1 to time 2.
In addition, a t-test was conducted to determine whether this improvement was
statistically significant and effect size was calculated for each subtest. The absolute value
of scores was higher at post-treatment than pre-treatment for all subtests of the TEA-CH

40

for participants who completed the full program, but were not statistically significant.
However, a medium to large effect size was found for a few of the subtests. A large
effect was found for Creature Counting Total Correct, t(4) = 1.29, p = .27, d = .87 and
Same World t(4) = -1.91, p = .13, d = .80, while a medium effect was observed for
Opposite World, t(4) = -2.14, p = .10, d = .55. However, Creature Counting Timing, t(4)
= -1.63, p = .18, d = .34 and Score DT, t(4) = -.31, p = .77, d = .22 showed only a small
effect.
For partial completers, scores on the TEA-Ch showed a large effect for the
Creature Counting Total Score, t(4) = -1.28, p = .27, d = 1.08, a medium effect for
Opposite World, t(4) = -1.4, p = .23, d = .39, and a small to no effect for the remaining
subtests (Creature Counting Timing, t(4) = -.49, p = .65, d = .17; Score DT, t(4) = .00, p
= 1.00, d = 0; Same World, t(4) = -.49, p = .65, d = .27.
T-tests for non-completers were run with data from four participants who
completed time 1 and time 2 measures. Changes in mean scores showed a large effect for
Creature Counting Total Correct, t(3) = -1.71, p = .19, d = .84 and a medium effect for
Opposite World, t(3) = -2.33, p = .10, d = .56. Changes from time 1 to time 2 for Same
World showed a small effect, t(3) = -2.61, p = .08, d = .28 and no effect was found for
Score DT, t(3) = 0.00, p = 1.00, d = 0.00. Creature Counting Timing showed a medium
effect, t(1) = 1.00, p = .50, d = .56, but represents a decrease in scores from time 1 to time
2. This t-test should be interpreted with caution as the Creature Counting Timing score
could only be calculated for 2 out of 4 participants due to their inability to obtain a score
of 3 or more on the Creature Counting Total Correct Score. Of note is that scores for
non-completers were lower than those of completers and partial completers at baseline on
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all subtests of the TEA-Ch. Please refer to tables 3.4 and 3.5 for baseline and follow up
scores as well as figures 3.1 through 3.9 for graphical depictions of changes in TEA-Ch
scores from time 1 to time 2.
Exploratory analyses were conducted using the Working Memory Checklist to
assess items that may be most helpful in future scale development. For each student, the
primary classroom teacher completed the questionnaire for students in first through fifth
grade. Middle school and high school students were asked to select the teacher that
knows them best. Out of 17 participants, 14 teachers filled out the questionnaires and
returned them to the research team at time 1. Out of 50 items, 11 were rated as
sometimes or always a problem in over 70% of the sample. An additional 16 items were
rated as sometimes or always a problem in over 50% of the sample (see Table 3.6). In
addition, a Pearson correlation was conducted to determine how well the Working
Memory Checklist correlates with the Working Memory subscale of the Teacher BRIEF.
At baseline, the Teacher BRIEF working memory subscale correlated with “has difficulty
staying focused during cognitively demanding activities but attends well when cognitive
demands are minimal”, “fails to complete complex activities” ,“has difficulty keeping
track of place during challenging activities”, “has difficulty integrating new information
with prior knowledge”, “has difficulty remembering multistep oral directions”, “has more
difficulty remembering digits than words”, “does not notice the signs during arithmetic
calculation”, “has difficulty taking meaningful notes”, “answers to oral comprehension
questions are off-topic or irrelevant (has difficulty inhibiting irrelevant information”,
“inaccurately estimates memory performance before, during, and after a task”, “does not
use learning strategies or does not use them on a consistent basis”, “does not use the most
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basic strategies, such as subvocal rehearsal (i.e., inner speech during silent reading)” and
“selects inefficient strategies during problem solving”. In order to determine the
influence of outliers, the cases with the highest and lowest scores on the working memory
checklist and the BRIEF working memory subscale were eliminated from the data and
correlations were rerun. Without outliers, the analyses indicated that the BRIEF working
memory subscale did not correlate with any items on the working memory checklist. See
table 3.9.
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Table 3.1. Demographic Characteristics by Group
Variable
Age (M, SD)
Gender (Male)
Diagnosis (SCD
Race (African American)
Family Income
Less than $10,000
$10,000 – $19,000
$20,000 - $29,000
$30,000 - $39,000
$40,000 - $49,000
$50,000 - $59,000
Over $60,000
Parent Education
High School Graduate
Some College
Associates Degree
Bachelor’s Degree
Master’s Degree

Completers
(n = 5)
11.8 (2.9)
3 (60%)
3 (60%)
3 (60%)

Partial
Completers
(n = 5)
12.4 (1.8)
3 (60%)
4 (80%)
5 (100%)

NonCompleters
(n = 7)
11.1 (4.1)
2 (28.6%)
7 (100%)
7 (100%)

1 (20%)
0 (0%)
1 (20%)
0 (0%)
1 (20%)
1 (20%)
1 (20%)

1 (20%)
1 (20%)
1 (20%)
2 (40%)
0 (0%)
0 (0%)
0 (0%)

2 (28.6%)
0 (0%)
3 (42.9%)
0 (0%)
2 (28.6%)
0 (0%)
0 (0%)

0 (0%)
1 (20%)
1 (20%)
3 (60%)
0 (0%)

1 (20%)
2 (40%)
1 (20%)
0 (0%)
1 (20%)

1 (14.3%)
2 (28.6%)
4 (57.1%)
0 (0%)
0 (0%)
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Table 3.2. Parent Feasibility Ratings
Variable (n = 8)

M

t(8)

%Agree

%Disagree

Training during the summer was convenient.

4.1*

2.63

77.8

22.2

Training during the summer allowed flexibility.

4.3*

5.66

44.4

44.4

Difficult to do during the first week.

3.2

.80

44.4

22.2

Difficult to do during the last week.

3.4

1.08

55.5

33.3

Difficulty motivating child during the first week.

3.3

.71

55.5

33.3

Difficulty motivating child during the last week.

3.2

.56

33.3

33.3

My child thought that the exercises were fun.

3.2

.80

44.4

22.2

My child became frustrated with the exercises.

3.6

1.89

55.5

11.1

My child’s working memory improved after
Cogmed.
My child’s learning ability improved after Cogmed.

3.8*

3.50

66.7

0.0

3.9*

2.87

77.8

11.1

I was happy with the results of Cogmed.

4.2*

5.50

88.9

0.0

A lot of child effort was required for Cogmed.

4.2*

4.40

77.7

0.0

A lot of parent effort was required for Cogmed.

4.0*

4.24

77.8

0.0

I would recommend Cogmed to others.

4.4*

8.22

100

0.0

Notes: Scale 1-5 from strongly disagree (1) to strongly agree (5). T-tests were run to
determine if each value differed significantly from a value of 3.0. *p < .05
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Table 3.3. Child Feasibility Ratings
Variable (n = 10)

%Agree

% Neutral

% Disagree

It was easier to use the computer program during the
summer rather than during the school year.
I liked being able to use the program when I wanted
throughout the day rather than after school.
The computer program was easy to use.

50

40

10

60

40

0

60

30

10

I felt like playing the computer program most of the
time.
I thought that the computer program was fun.

20

30

50

22.2

44.4

33.3

40

60

0

50

30

20

30

50

20

Playing the computer program made me frustrated
(angry).
Playing the computer program helped me do better in
school.
I would tell other kids to use this computer program.
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Table 3.4. Baseline Scores
Variable
M (SD)

NonCompleters
(n = 7)
86.7 (12.0)

F

p

(n = 5)
86.4 (10.8)

Partial
Completers
(n = 5)
94.8 (20.0)

.57

.58

85.6 (5.4)

83.2 (3.4)

84.4 (9.5)

.14

.87

7.2 (1.1)
8.0 (1.0)

6.0 (1.9)
8.4 (1.5)

6.4 (2.0)
8.3 (2.4)

.61
.06

.56
.94

WISC-V Letter Number
Sequencing SS
TEA-Ch Creature Counting
Total Correct SS
TEA-Ch Creature Counting
Timing SS
TEA-Ch Score-DT SS

8.0 (1.0)

8.6 (2.4)

6.6 (2.5)

1.4

.27

8.4 (2.7)

8.6 (3.2)

5.4 (1.7)

3.1

.08

6.4 (3.2)

6.6 (2.1)

5.8 (2.9)

.11

.90

8.4 (3.2)

6.2 (4.1)

6.1 (2.5)

.84

.45

TEA-Ch Same World SS

5.4 (2.6)

5.6 (0.9)

4.9 (3.1)

.15

.87

TEA-Ch Opposite World SS

5.4 (2.5)

5.8 (2.6)

4.4 (2.7)

.44

.65

Baseline IQ Composite
Score
WISC-V WM Composite
Score
WISC-V Digit Span SS
WISC-V Picture Span SS

Completers
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Table 3.5. Follow Up Scores
Variable
M (SD)

M (SD)
NonCompleters
(n =4)
86.3 (24.1)

F

p

(n = 5)
95.2 (14.7)

M (SD)
Partial
Completers
(n = 5)
87.2 (14.7)

.31

.74

10.6 (3.7)
7.6 (1.9)

7.8 (2.2)
7.8 (3.2)

7.5 (4.7)
7.3 (3.8)

.95
.11

.42
.90

9.2 (1.6)

7.8 (1.1)

6.8 (3.9)

1.1

.38

10.8 (2.8)

11.8 (2.7)

8.0 (2.8)

2.2

.16

7.6 (3.9)

7.0 (2.5)

6.5 (3.5)

.06

.95

9.0 (2.0)

6.2 (2.6)

6.0 (3.5)

1.9

.20

TEA-Ch Same World SS

7.4 (2.4)

6.0 (1.9)

6.0 (4.4)

.36

.70

TEA-Ch Opposite World SS

7.0 (3.3)

6.8 (2.5)

5.3 (3.4)

.42

.69

WISC-V WM Composite
Score
WISC-V Digit Span SS
WISC-V Picture Span SS
WISC-V Letter Number
Sequencing SS
TEA-Ch Creature Counting
Total Correct SS
TEA-Ch Creature Counting
Timing SS
TEA-Ch Score-DT SS

M (SD)
Completers

Notes: Three of the CogMed non-completers also did not complete follow-up testing.
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Table 3.6. Working Memory Checklist Frequently Endorsed Items and Correlation with
Teacher BRIEF Working Memory Subscale
Question
General
Classroom performance is poorer than predicted from standardized scores
Difficulty staying focused during cognitively demanding activities
Prefers to simplify tasks whenever possible
Fails to complete complex activities
Difficulty keeping track of place during challenging activities
Difficulty retrieving information when engaged in another processing task
Difficulty integrating new information with prior knowledge
Rarely contributes to class discussions
Makes comments such as, “I forget everything”.
Difficulty organizing information during written expression
Difficulty retaining partial solutions during mental arithmetic
Difficulty memorizing and retaining facts
Is very slow at arithmetic computation
Phonological Short-Term Memory
Difficulty remembering multistep oral directions
Difficulty blending phonemes into words when reading
Difficulty with phonetic decoding of text (i.e. sounding out words)
Difficulty with phonetic recoding (spelling).
Difficulty learning new vocabulary.
Difficulty producing complex sentences.
Verbal Working Memory
Requires frequent reminders.
When called on, forgets what was planning to say.
Forgets the content of instruction.
Difficulty paraphrasing spoken information.
Difficulty taking meaningful notes.
In 3rd grade and above, continues to finger count during arithmetic calculation.
Rereads text when there has not been a decoding problem.
Difficulty remembering the first part of sentence or paragraph when reading.
Produces only short sentences during written expression.
Has frequent subject-verb agreement in written expression.
Omits some of the content when writing a sentence.
Executive Working Memory
Difficulty switching between operations
Difficulty taking notes and listening at the same time
Does not use learning strategies or does not use them on a consistent basis
Prefers to use simple instead of complex learning strategies
Selects inefficient strategies during problem solving
*Table includes only items endorsed as problematic for at least 50% of the sample
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p
.19
*.01
.18
*.00
*.01
.21
*.05
.72
.24
.16
.25
.41
.15
*.02
.60
.89
.93
.74
.52
.15
.47
.06
.18
*.05
.77
.33
.71
.06
.79
.52
.12
.11
*.01
.35
*.01

Figure 3.1. Working Memory Index by Group
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Figure 3.2 Digit Span Scores by Group
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Figure 3.3 Letter-Number Sequencing Scores by Group
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Figure 3.4 Picture Span Scores by Group
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Figure 3.5 Creature Counting Total Correct by Group
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Figure 3.6 Creature Counting Timing Score by Group
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Figure 3.7 Score DT by Group
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Figure 3.8 Same World by Group
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Figure 3.9 Opposite World by Group
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CHAPTER 4
DISCUSSION
Previous studies suggest that computerized cognitive remediation programs are
effective for children with chronic health conditions (Conklin et al., 2015; Hardy et al.,
2013; Hardy et al., 2016; Hardy, Willard, & Bonner, 2011). However, disease
complications and treatment can affect adherence to cognitive training, reducing the
benefit of the intervention. In addition, it is unclear the extent to which gains in working
memory translate to improvements in everyday settings such as improved classroom
functioning. In this study, a working memory training program was conducted to
examine the impact of delivery modifications (e.g., delivering the intervention
exclusively over the summer) on feasibility, efficacy, and generalizability to the
classroom setting in children with SCD and cancer. Contrary to Hypothesis 1a, that
adherence rates would exceed 80%, the results indicated that only 29.4% of participants
completed the full program, with 58.8% completing at least 8 sessions. Participants who
were adherent to the full program trained over a longer period of time than expected by
the Cogmed protocol. Despite the additional time available during the summer to train,
even participants who were able to complete the program did not complete sessions
within the prescribed 6-week time period. This finding is similar to other studies of
children with cancer and SCD that show that this population may need additional weeks
to complete computerized training (Hardy et al., 2016; Kesler, Lacayo, & Jo, 2011).
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Greater than one third of the sample did not complete any sessions. These
participants all had a diagnosis of SCD and likely experience more barriers to adherence
than children with a history of a brain tumor who are off treatment (i.e. pain, fatigue). In
addition, both partial completers and non-completers reported themselves at the lowerend of annual income. These participants may experience more barriers to participation
as well (i.e., problems with internet access). In fact, reasons cited for not participating in
the program included lack of internet access and an increase in parent’s work hours,
which likely lead to a decrease in parent monitoring of the program. Participants also
cited health problems and a death in the family as reasons for not participating.
Overall, parents rated the program as feasible, noting that they were happy with
the results of Cogmed and would recommend Cogmed to others. Thus, Hypothesis 1b
related to the consumer ratings of feasibility was generally supported. In addition, most
parents reported that training over the summer was convenient. Interestingly, less than
half of parents reported that training over the summer allowed more flexibility. The
findings may suggest that while training over the summer is convenient for some
families, this time period may not be conducive to training for all families. Future studies
may consider getting feedback from families as to what time of year works best for them
or provide additional supports for summer training (i.e. daily reminder texts).
Hypothesis 2, that there would be a significant difference between groups on
measures of working memory was not supported. This is likely due to the small sample
size. Follow up analyses indicated a large effect size for improvements in group means
for completers on the working memory composite, letter-number sequencing, and digit
span tests versus a small effect size for non-completers on the working memory
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composite and both working memory subscales. These findings are similar to results
obtained by Hardy and colleagues, who demonstrated large effect sizes immediately
following the intervention as well as at the 3-month follow up, at which time results were
no longer significant (2013). Partial completers also demonstrated medium to large effect
sizes on measures of working memory, although not as large as completers. It is possible
that engaging in a reduced number of training sessions may lead to a benefit for some
children. Future studies could consider examining the least amount of sessions that
would lead to improvement in this population using a larger sample to better establish the
reliability of the effect sizes observed in the present study. Interestingly, picture span
showed a small effect size for all three groups. This is a relatively new test of
visuospatial working memory. Its sensitivity to change over time and other psychometric
properties are less well understood than the other WISC-V measures.
The hypothesis that gains in working memory would generalize to measures of
functional attention and working memory was not supported. All three groups tended to
improve on subtests of the TEA-Ch, perhaps due to practice effects, with no statistically
significant improvements related to completing CogMed. Interestingly, non-completers
performed more poorly on the TEA-Ch across subscales at baseline. This finding
suggests that the TEA-Ch may capture an aspect of attention and executive function that
isn’t measured on the WISC-V, but could be an important moderator of a child’s ability
to engage in the training. Specifically, the TEA-Ch may provide additional information
on a child’s ability to sustain attention, switch between two tasks, and inhibit a response;
abilities necessary to complete a computerized working memory program. The TEA-Ch
may also tap into an individual’s capacity for directed attention, which refers to the
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ability to pay attention to stimuli that aren’t particularly interesting (Kaplan & Berman,
2010). Children who are low on this resource may be less likely to complete a cognitive
training program. While other studies have measured attention at baseline, this is the first
study to measure differences in attention in eligible children that have failed to complete
study procedures and may indicate a factor that presents an additional barrier to
completing the program.
Despite several important findings gained from this study, some methodological
issues limit study generalizability. The small sample size, although comparable to other
cognitive training studies conducted with this population, warrants caution when
interpreting effect sizes. A study with a larger sample size could help to determine the
optimal time of year for working memory training and be more conducive to additional
adaptations that families could access in order to improve adherence. In addition, lack of
a comparison group limits interpretation of results to conclude that training during the
summer does not reduce barriers in this population. It is possible that participation would
have been even lower (or higher) if completed during the school year. Finally, there were
unequal numbers of participants with history of brain tumor versus SCD in the sample.
Although both groups were recruited with similar procedures, children with SCD with
working memory problems were more prevalent in the clinic sample in comparison to
children with cancer. Future studies should examine whether a similar protocol is
effective for both children with cancer and SCD or whether specific adaptations should
be tailored to each illness group.
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